Abstract
Introduction
of 500 •C was hold for 2.5 hours, the average heating rate before reaching the peak temperature was bis(5-tert-butyl-2-benzo-oxazol-2-yl)thiophene.
120
The content of carbonate in soils and the possible contribution of inorganic carbon from biochar ash 121 was negligible (< 0.1%) as confirmed by comparing total organic carbon measured after 122 hydrochloric acid (HCl) treatment and total carbon on a set of treated and amended soil samples.
123
Therefore, the total carbon determined in soil corresponded to the total organic carbon and was
124
termed SOC for uniformity.
125
The ash content of the biochar was measured by heating samples in a muffle at 550 °C for 6 hours.
126
The oxygen content of biochar was calculated by difference from the mass balance.
127
Analyses of extractable PAHs in biochar and soils were conducted using the method described 128 in more detail elsewhere. 43 Briefly, 5 g of sample spiked with perdeuterated PAHs (acenapthtene-differences were observed between measured and certified values (relative errors in the -5% +11% 135 range, details in Table S1 ). Calibrations were performed in the 0. trap cooled by dry ice; the silica gel was eluted with n-hexane and dichloromethane, the organic 149 solutions concentrated, added with 100 µl internal standard solutions (n-hexatriacontane and tri-150 tert-butylbenzene, 100 mg l −1 each) and analysed by GC-MS (see below).
151
The weight of the solid residue in the reaction vessel (BC HyPy ) was calculated by difference,
152
after weighing the catalyst loaded samples prior to and after each HyPy analysis.
153
Elemental compositions (C,H,N,S) of the samples before and after HyPy were determined by 154 combustion as described above. (Table 2 ). An apparent reduction (statistically significant only in the last sampling, Table S3 )
186
of SOC in biochar treated soils was measured with time and three years after the biochar application 187 in the vineyard, the SOC in amended soil was 3.8 times higher than that of control soil.
188
Recalcitrant black carbon (BC) accounted for the bulk of the additional SOC. This finding can 189 be observed in Figure 2 showing the percentage of the SOC occurring in a stable form as %BC HyPy.
190
The %BC HyPy in the untreated soil was on average 6 ± 1% (n=20) of the SOC, a value within the (Table S3 ). The absolute soil concentration of BC HyPy also decreased significantly with time as depicted in figure 3A from 36 ± 5 mgC g soil -1 at the first sampling to 23 ± 5 mgC g soil -1 after 208 21 months, representing a loss of 36% (statistical results in Table S3 ).
209
The total loss of BC HyPy could be assigned to a variety of factors, including microbial degradation, 
218
Aliphatic hydrocarbons are characterised by n-alkanes in the range C 13 to C 27 with a distribution 219 centred at C 16 and C 18 , and an even carbon number predominance (Tables S4-S5 in were not evident in the non-BC HyPy fraction from the original biochar ( Figure 4A ).
230
The non-BC HyPy aromatic fraction of soils comprised monoaromatic rings represented by 231 alkylated benzenes and diphenyls and a PAH pattern dominated by pyrene ( Figures 4B and 4C ).
232
The ring size distribution was similar to that generated by HyPy from the organic soil component peak assigned to dihydropyrene (m/z 204) being observed close to that for fluoranthene.
241
Distinctive differences between the amended and control soils were observed in the mean 242 concentrations of aliphatic and aromatic hydrocarbon constituents (Tables S4-S7 in supporting   243 information). The total concentrations of n-alkanes were higher in the control (around 100 µg g -1 ,
244 Table S4 ) than in the amended soils (about 40 µg g -1 , Table S5 ). The mean concentrations of non- Tables S6 and S7 , see also Figure 3B ). However, these differences could not be proved to be 
255

Extractable PAHs
256
The concentrations of solvent extractable PAHs in amended and control soils are presented in 257 Figure 3C . Almost one year after the last biochar application, the total PAH concentrations in the 258 amended soils (153 ± 38 ng g -1 ) were significantly higher than those in the control soil (24 ± 3 ng g -1 , n = 5, Figure 3C and Tables S8-S9 ). of about two years and compared to that of a control soil. In both soils, the concentrations of these 271 polyaromatic reservoirs spanned six orders of magnitude: ng g -1 (extractable, Figure 3C ), µg g -1
272
(semi-labile, Figure 3B ) and mgC g -1 (stable, Figure 3A ). Their relative abundances were also The non-BC HyPy PAH fractions in treated and control soils were not significantly different
295
( Figure 3B ) and did not change significantly (statistical results in Table S3 for treated soil) with Figure 3A ) and ten times on average its proportion to SOC (% BC HyPy , Figure 2 ). Noteworthy is that 303 its absolute concentration decreased with time with a 36% carbon loss in 21 months ( Figure 3A runoff was the principal process capable to explain the loss of biochar in a treated soil after two 325 years, being the loss by respiration and vertical transport minimal.
326
The absolute and relative concentration of BC HyPy did not change significantly in the last two 
